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In the CHaotnni@: 



Please amend the claims as follows: 



1 1 . (Cancelled) An apparatus for testing functionality, evaluating performance 

2 and measuring capacitance of a photo-conversion device of at least one 

3 active pixel sensor of an array of active pixel sensors comprising a column 

4 bus, a signal conditioning and readout circuit and a chain of circuitry 

5 connected to said active pixel sensors comprising: 

6 a test voltage selection circuit for selectively applying any of a plurality of voltage 

7 levels that vary incrementally from a first voltage level to a second voltage 

8 level to a reference distribution node of the active pixel sensors; and 

9 a timing control circuit connected to the test voltage means, to said array 

10 of active pixel sensors, and to a signal conditioning and readout circuit 
i i to provide signals to select timings to select application of the first 

12 voltage level and the second voltage level to the reference distribution 

13 node of said active pixel sensors, signals at appropriate timings to 

14 condition said active pixel sensors in preparation for sensing light 
is impinging upon said array of active pixel sensors, and providing 

16 signals for timing said signal conditioning and readout circuit to sense 

n a signal from each active pixel sensor indicating a magnitude of light 

18 impinging upon said array of active pixel sensors. 
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1 2. (Cancelled) The apparatus of claim 1 wherein said test voltage selection 

2 circuit comprises: 

3 a first switch having a first terminal connected to a first voltage source that 

4 provides said first voltage level, a second terminal connected to the 

5 reference distribution node of at least one active pixel sensor on a row 

6 of active pixel sensors, and a control terminal connected to the 

7 controlling means to selectively connect and disconnect the first 

8 terminal with the second terminal; 

9 a second switch having a first terminal connected to a second voltage 

10 source that provides said second voltage level, a second terminal 

n connected to the reference distribution node of at least one active pixel 

12 sensor on the row of active pixel sensors in the array of active pixel 

13 sensors, and a control terminal connected to the controlling means to 

14 selectively connect and disconnect the first terminal with the second 
is terminal; and 

16 a current measuring device connected so as to measure a current flowing 
n from said first voltage source. 

1 3. (Cancelled) The apparatus of claim 1 wherein the timing control circuit 

2 enables measurement of the capacitance of the photo-conversion device 

3 within one active pixel sensor by the steps of: 
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at a first time, selecting said active pixel sensor; 

at a second time, placing the second voltage level at the reference 
distribution node of said active pixel sensor; 

simultaneously, at the second time, coupling said second voltage level to 
the photo-conversion device; 

at a third time, applying the first voltage level to the reference distribution 
node; 

simultaneously, at the third time, coupling said first voltage level to said 
photo-conversion device; 

measuring a current flowing to said photo-conversion device to charge the 
capacitance of the photo-conversion device, whereby said capacitance 
is determined by the formula: 



Cfd = 




where 



Cfd is the total capacitance of the photo- 



conversion devices and the parasitic 



capacitance of said test voltage select means, 
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I is the current flowing from said first voltage 



source, 



dv is the difference between the first voltage 



level and the second voltage level, and 



dft is a charging time for said capacitance; 

4. (Cancelled) The apparatus of claim 1 wherein the timing control circuit 

enables testing functionality of a row of said active pixel sensors within the 
array of active pixel sensors and the chain of circuitry connecting said 
selected row of active pixel sensors by the steps of: 

at a first time, selecting said row of active pixel sensors; 

at a second time, placing one of the plurality of voltage levels on each 
reference distribution node of each active pixel sensor, whereby a 
magnitude of said voltage level placed on each reference distribution 
node is indicative of a position on said row of active pixel sensors of 
each active pixel sensor; 

simultaneously, at the second time, coupling the voltage level of the 
plurality of voltage levels to the photo-conversion device to charge the 
capacitance of the photo-conversion device to the voltage level; 
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14 at a third time, sampling and holding the voltage level of the capacitance 
is of ach active pixel s nsor on the selected row of active pixel s nsors 

16 within the signal conditioning and readout circuit; 

n at a fourth time, placing the first voltage level at the reference distribution 

18 node of each active pixel sensor on the row of active pixel sensors; 

19 simultaneously, at the fourth time, coupling said first voltage level to the 

20 capacitance of the photo-conversion device of each active pixel sensor 

21 of the row of active pixel sensors; 

22 at a fifth time, sampling and holding the first voltage level on the 

23 capacitance of the photo-conversion device of each active pixel sensor 

24 on the selected row of active pixel sensors within the signal 

25 conditioning and readout circuit; 

26 placing the sampled and held voltage level of the plurality of voltage levels 

27 and the sampled and held first voltage level of each active pixel sensor 

28 of the selected row of active pixel sensors at an output port of the 

29 signal conditioning and readout circuit for transfer to external circuitry, 

30 whereby the external circuitry differentially compares the sampled and 

31 held voltage level of the plurality of voltage levels with the sampled and 

32 held first voltage level and the functionality of each active pixel sensor 

33 on the selected row of active pixel sensors, and th chain of circuitry 

34 connected to each active pixel sensor of th row of active pix I sensors 
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35 is determined as a function of a difference between the sampled and 

36 held voltage lev I of th plurality of voltage levels and the sampled and 

37 held first voltage level. 

1 5. (Cancelled) The apparatus of claim 1 wherein the timing control circuit 

2 enables evaluating performance of at least one active pixel sensor and the 

3 chain of circuitry connected to said active pixel sensor by the steps of: 

4 at a first time, selecting the active pixel sensor; 

5 at a second time, placing the second voltage level at the reference 

6 distribution node of the active pixel sensor; 

7 simultaneously, at the second time, coupling said second voltage level to 

8 the capacitance of said photo-conversion device; 

9 at a third time, sampling and holding the second voltage level within the 

10 signal conditioning and readout circuit; 

n at a fourth time, placing the first voltage level at the reference distribution 

12 node of said active pixel sensor; 

13 simultaneously, at the fourth time, coupling said first voltage level to the 

14 capacitance of the photo-conversion device; 
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is at a fifth time, sampling and holding the first voltage level from said 

16 capacitance of said photo-conversion device of said active pixel sensor 

n to the signal conditioning and readout circuit; and 

is placing the sampled and held first voltage level and the sampled and held 

19 second voltage level at an output of the signal conditioning and 

20 readout circuit for transfer to external circuitry, whereby the external 

21 circuitry differentially compares the sampled and held first voltage level 

22 and the sampled and held second voltage level such that the 

23 difference of the sampled and held first voltage level and the sampled 

24 and held second voltage level determines performance of the active 

25 pixel sensor. 

1 6. (Cancelled) The apparatus of claim 1 wherein the test voltage selection 

2 circuit comprises: 

3 a first voltage distribution line containing a first distribution voltage level; 

4 a second voltage distribution line containing a second distribution voltage 

5 level; 

6 a first switch having a first terminal connected to a first voltage source that 

7 provides the first voltage level, a second terminal connected to the first 

8 voltage distribution line, a third terminal connected to the second 

9 voltage distribution line, and a control terminal connected to the timing 
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io and control means to selectively connect the first terminal to the 

n second and third terminals concurrently; 

12 a second switch having a first terminal connected to a second voltage 

13 source that provides the second voltage level, a second terminal 

14 connected to the first voltage distribution line, a third terminal 
is connected to the second voltage distribution line, and a control 

16 terminal connected to the timing and control means to selectively 

17 connect the first terminal to the second and third terminals 

18 concurrently; 

19 a third switch having a first terminal connected to the first voltage source, 

20 a second terminal connected to the second voltage source, a third 

21 terminal connected to the first voltage distribution line, a fourth terminal 

22 connected to the second voltage distribution line, and a control 

23 terminal connected to the timing and control means to selectively 

24 connect the first terminal to the third terminal and concurrently connect 

25 the second terminal to the fourth terminal; 

26 a voltage dividing means connected between the first voltage distribution 

27 line, and connected to the reference distribution node of each active 

28 pixel sensor on a row of active pixel sensors for the array of active 

29 pixel sensors for distributing an incremental voltage level that varies 

30 fractionally from the first distributed voltage level present at the first 
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voltage distribution line to the second distributed voltage level present 
at the second voltage distribution line; and 

a current measuring means connected so as to measure current flowing 
from said first voltage source. 

7. (Cancelled) The apparatus of claim 5 wherein the timing control circuit 
enables measurement of the capacitance of the photo-conversion device 
within a group of active pixel sensors of the array of active pixel sensors 
by the steps of: 

at a first time, selecting said group of active pixel sensors; 

during a period of time between a second time and a third time, activating 
said second switch to connect the first terminal of the second switch to 
connect the second terminal and third terminal of said second switch to 
apply the second voltage level to the first and second voltage 
distribution lines and thus to the reference distribution node of each 
active pixel sensor of the group of active pixel sensors; 

simultaneously, during the period between said second time and said third 
time, coupling said second voltage level to the capacitance of the 
photo-conversion device of each active pixel sensor of the group of 
active pixel sensors to charge said capacitance to said second voltage 
level; 
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17 during a period of time between a fourth time and a fifth time, activating 

18 said first switch to connect the first terminal of said first switch 

19 concurrently to the second and third terminals of said first switch to 

20 apply the first voltage level to the first and second voltage distribution 

21 lines and thus to the reference distribution node of each active pixel 

22 sensor of the group of active pixel sensors; 

23 simultaneously, during the period between the fourth and fifth time, 

24 coupling said first voltage level to the capacitance of the photo- 

25 conversion device of each active pixel sensor of the group of active 

26 pixel sensors to charge said capacitance of said photo-conversion 

27 device to the first voltage level; 

28 measuring a current flowing from said first voltage source to charge the 

29 capacitance of the photo-conversion device of each active pixel sensor 

30 of the group of active pixel sensors, whereby a total capacitance of the 

31 photo-conversion devices of the group of active pixel sensors and a 

32 parasitic capacitance of said test voltage select means is determined 

33 by the formula: 

dV/ 
/dfcr 

35 where 
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36 Ct is the total capacitance of the photo- 

37 conversion devices and the parasitic 

38 capacitance of said test voltage select means, 

39 It is the current flowing from said first voltage 

40 source, 

41 dv is the difference between the first voltage 

42 level and the second voltage level, and 

43 dltcT is a charging time for the total 

44 capacitance; 

45 during a period of time between a sixth time and a seventh time, activating 

46 said second switch to connect the first terminal of the second switch to 

47 connect the second terminal and third terminal of said second switch to 

48 apply the second voltage level to the first and second voltage 

49 distribution lines and thus to the reference distribution node of each 
so active pixel sensor of the group of active pixel sensors; 

51 during a period of time between an eighth time and a ninth time, 

52 activating said first switch to connect the first terminal of said 

53 first switch concurrently to the second and third terminals of said 

54 first switch to apply the first voltage level to the first and second 

55 voltage distribution lines and thus to the reference distribution 
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56 node of each active pixel sensor of the group of active pixel 

57 sensors; 

58 measuring a current flowing from said first voltage source to charge the 

59 parasitic capacitance of said test voltage select means is determined 

60 by the formula: 



61 Cp = 



dV/ 



62 where 

63 Cp is the parasitic capacitance of said 

64 test voltage select means, 

65 Dp is the current flowing to the parasitic 

66 capacitance Cp during charging 

67 from the second voltage level to 

68 the first voltage level, 

69 dv is a difference between the first voltage 

70 level and the second voltage level, and 

71 dltcp is a charging time for the parasitic 

72 capacitance, 
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73 such that an average capacitance of the photo-conversion device of 

74 each of said active pixel sensors of said group of active pixel 

75 sensors is determined by the formula: 

=- Ct-Cp 

76 CfD = 

n 

77 where 

78 Cfd is the average capacitance of the 

79 photodiode, 

so Ct is the total capacitance, 

si Cp is the parasitic capacitance, and 

82 dtd is a number of active pixel sensors of the 

83 group of active pixel sensors. 

1 8. (Cancelled) The apparatus of claim 6 wherein the timing control circuit 

2 enables testing functionality of a group of at least one active pixel sensor 

3 by the steps of: 

4 at a first time, selecting said group of active pixel sensors; 

5 during a period of time between a second time and a third time, activating 

6 said third switch to apply said first voltag level to said first voltage 
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distribution line and to apply said second voltage level to said second 
voltage distribution lin such that one of the incremental voltage levels 
is applied to the reference distribution node of each active pixel sensor 
of the group of active pixel sensors; 

simultaneously, during the period between the second and third time, 
coupling said incremental voltage level to the capacitance of the photo- 
conversion device of each active pixel sensor to the row of active pixel 
sensors to charge said capacitance of the photo-conversion device to 
the incremental voltage level; 

during a period of time between a fourth time and a fifth time, sampling 
and holding within the signal conditioning and readout circuit the 
incremental voltage level present on the capacitance of the photo- 
conversion device of each of the active pixel sensors of the group of 
active pixel sensors; 

during a period of time between a sixth time and a seventh time, activating 
said first switch to apply the first voltage level to the first voltage 
distribution line and the second voltage distribution line to place the 
first voltage level at the reference distribution node of each active pixel 
sensor of the group of active pixel sensors; 

simultaneously, during the period of time between the sixth time and the 
seventh time, coupling said first voltage level from the reference 
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28 distribution node to the capacitance of the photo-conversion device of 

29 each activ pixel sensor of th group of active pixel sensors to charge 

30 said capacitance of the photo-conversion device from said incremental 

31 voltage level to said first voltage level; 

32 during a period of time between an eighth time and a ninth time, sampling 

33 and holding within the signal conditioning and readout circuit said first 

34 voltage level present on said capacitance of said photo-conversion 

35 device of each active pixel sensor of the group of active pixel sensors; 

36 placing the sampled and held incremental voltage level present of the 

37 capacitance of the photo-conversion device of each of the active pixel 

38 sensors of the group of active pixel sensors and the sampled and held 

39 first voltage level of each of the active pixel sensors of the group of 

40 active pixel sensors at an output port of the signal conditioning and 

41 readout circuit for transfer to external circuitry, whereby the external 

42 circuitry differentially compares said sampled and held increment 

43 voltage level and said first voltage level, thus determining the 

44 functionality of each active pixel sensor of the group of active pixel 

45 sensors, and the chain of circuitry connected to each active pixel 

46 sensor of the group of active pixel sensors is determined as a function 

47 of a difference between the sampled and held incremental voltage 

48 level and the sampled and held first voltage level. 
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9. (Cancelled) The apparatus of claim 6 wherein the timing control circuit 
enables evaluating performance of a group of at least one active pixel 
sensor of the array of active pixel sensors by the steps of: 

at a first time, selecting said group of active pixel sensors; 

during a period of time between a second time and a third time, activating 
said second switch to apply said second voltage level to said voltage 
distribution line such that said second voltage level is applied to the 
reference distribution node of each active pixel sensor of the group of 
active pixel sensors; 

simultaneously, during the period of time between the second and third 
time, coupling said second voltage level to the capacitance of the 
photo-conversion device of each active pixel sensor to the row of 
active pixel sensors to charge said capacitance of the photo- 
conversion device to the second voltage level; 

during a period of time between a fourth time and a fifth time, sampling 
and holding within the signal conditioning and readout circuit the 
second voltage level present on the capacitance of the photo- 
conversion device of each of the active pixel sensors of the group of 
active pixel sensors; 
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20 during a period of time between a sixth time and a seventh time, activating 

21 said first switch to apply th first voltag lev Itoth first voltage 

22 distribution line and the second voltage distribution line to place the 

23 first voltage level at the reference distribution node of each active pixel 

24 sensor of the group of active pixel sensors; 

25 simultaneously, during the period of time between the sixth time and the 

26 seventh time, coupling said first voltage level from the reference 

27 distribution node to the capacitance of the photo-conversion device of 

28 each active pixel sensor of the group of active pixel sensors to charge 

29 said capacitance of the photo-conversion device from said incremental 

30 voltage level to said first voltage level; 

31 during a period of time between an eighth time and a ninth time, sampling 

32 and holding within the signal conditioning and readout circuit said first 

33 voltage level present on said capacitance of each active pixel sensor of 

34 the group of active pixel sensors; 

35 placing the sampled and held second voltage level present on the 

36 capacitance of the photo-conversion device of each of the active pixel 

37 sensors of the group of active pixel sensors and the sampled and held 

38 first voltage level of each of the active pixel sensors of the group of 

39 active pixel sensors at an output port of the signal conditioning and 

40 readout circuit for transfer to external circuitry, whereby the external 
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circuitry differentially compares said sampled and held second voltage 
level and said first voltage lev I, thus d termining performance of ach 
active pixel sensor of the group of active pixel sensors and of the chain 
of circuitry connected to each active pixel sensor of the group of active 
pixel sensors is determined as a function of a difference between the 
sampled and held incremental voltage level and the sampled and held 
first voltage level. 



1 0. (Cancelled) The apparatus of claim 9 wherein evaluating performance of 
each active pixel sensor of the group of active pixel sensors includes 
evaluating range and linearity of each active pixel sensor and the chain of 
circuitry connected to active pixel sensor. 

1 1 . (Cancelled) The apparatus of clam 6 wherein the group of active pixel 
sensors is a row of active pixel sensors placed in an area of dark pixels of 
the array of active pixel sensors. 

1 2. (Cancelled) A photo-imaging integrated circuit comprising: 
containing said an array of active pixel sensors arranged in rows and 



columns whereby each active pixel sensor comprises: 

a photo-conversion device which converts light impinging upon said 
photo-conversion device to electrons which are retained at a 
capacitance of said photo-conversion device, 
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7 a reset reference means connected to said photo-conversion 

8 d vice to selectively apply a reference voltage level to said 

9 photo-conversion device, 

10 a reference distribution node connected to the reset reference 
i i means reference voltage level, 

12 a source follower means connected to the photo-conversion device 

13 to provide an output voltage level at an output terminal 

14 approximating a voltage present on said photo-conversion 
is device, and 

16 a pixel selecting means connected to the source follower means to 

17 activate said source follower means to transfer the output 
is voltage level to said output terminal; 

19 a test voltage selection means connected to at least one active pixel for 

20 selectively applying any of a plurality of voltage levels that vary 

21 incrementally from a first voltage level to a second voltage level to the 

22 reference distribution node of the active pixel sensors; 

23 a plurality of column bus means connected such that each column bus 

24 means is connected to each output terminal of each active pixel sensor 

25 of each column of active pixel sensors; 
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26 a plurality of signal conditioning and readout circuits, whereby each signal 

27 conditioning and readout circuit is connected to each column bus 

28 means to sample and hold the output voltage level at the output 

29 terminal of a selected active pixel sensors of a row of active pixel 

30 sensors, and in response to said output signal provide a first and 

31 second sampled and held output signal; and 

32 a timing and control means connected to the array of active pixel sensors, 

33 the test voltage selection means and the plurality of signal conditioning 

34 and readout circuits to provide timing and control signals that select 

35 active pixel sensors to transfer signals to the column bus and thence to 

36 the signal conditioning and readout circuits, and to provide the first and 

37 second sampled and held readout signals. 

1 13. (Cancelled) The photo-imaging integrated circuit of claim 12 wherein said 

2 test voltage selection means comprises: 

3 a first switch having a first terminal connected to a first voltage source that 

4 provides said first voltage level, a second terminal connected to the 

5 reference distribution node of at least one active pixel sensor on a row 

6 of active pixel sensors, and a control terminal connected to the 

7 controlling means to selectively connect and disconnect the first 

8 terminal with the second terminal; 
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9 a second switch having a first terminal connected to a second voltage 

10 source that provides said second voltage I vel, a s cond t rminal 

n connected to the reference distribution node of at least one active pixel 

12 sensor on the row of active pixel sensors in the array of active pixel 

n sensors, and a control terminal connected to the controlling means to 

14 selectively connect and disconnect the first terminal with the second 

is terminal; and 

16 a current measuring device connected so as to measure a current flowing 

17 from said first voltage source- 
is 14. (Cancelled) The photo-imaging integrated circuit of claim 12 wherein the 

19 timing control means enables measurement of the capacitance of the 

20 photo-conversion device within one active pixel sensor by the steps of: 

21 at a first time, selecting said active pixel sensor; 

22 at a second time, placing the second voltage level at the reference 

23 distribution node of said active pixel sensor; 

24 simultaneously, at the second time, coupling said second voltage level to 

25 the photo-conversion device; 

26 at a third time, applying the first voltage level to the reference distribution 

27 nod ; 
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simultaneously, at the third time, coupling said first voltage level to said 
photo-conversion device; 

measuring a current flowing to said photo-conversion device to charge the 
capacitance of the photo-conversion device, whereby said capacitance 
is determined by the formula: 



Cpo = 1 



dV/ 

/cat 



where 

Cfd is the total capacitance of the photo- 
conversion devices and the parasitic 
capacitance of said test voltage select means, 

D is the current flowing from said first voltage 
source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

dt is a charging time for said capacitance; 

1 5. (Cancelled) The photo-imaging integrated circuit of claim 1 2 wherein the 
timing control means enables testing functionality of a row of said active 
pixel sensors within the array of active pixel sensors and the chain of 
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circuitry connecting said selected row of active pixel sensors by the steps 
of: 

at a first time, selecting said row of active pixel sensors; 

at a second time, placing one of the plurality of voltage levels on each 
reference distribution node of each active pixel sensor, whereby a 
magnitude of said voltage level placed on each reference distribution 
node is indicative of a position on said row of active pixel sensors of 
each active pixel sensor; 

simultaneously, at the second time, coupling the voltage level of the 
plurality of voltage levels to the photo-conversion device to charge the 
capacitance of the photo-conversion device to the voltage level; 

at a third time, sampling and holding the voltage level of the capacitance 
of each active pixel sensor on the selected row of active pixel sensors 
within the signal conditioning and readout circuit; 

at a fourth time, placing the first voltage level at the reference distribution 
node of each active pixel sensor on the row of active pixel sensors; 

simultaneously, at the fourth time, coupling said first voltage level to the 
capacitance of the photo-conversion device of each active pixel sensor 
of the row of active pixel sensors; 
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at a fifth time, sampling and holding the first voltage level on the 

capacitance of the photo-conversion device of ach active pixel sensor 
on the selected row of active pixel sensors within the signal 
conditioning and readout circuit; 

placing the sampled and held voltage level of the plurality of voltage levels 
and the sampled and held first voltage level of each active pixel sensor 
of the selected row of active pixel sensors at an output port of the 
signal conditioning and readout circuit for transfer to external circuitry, 
whereby the external circuitry differentially compares the sampled and 
held voltage level of the plurality of voltage levels with the sampled and 
held first voltage level and the functionality of each active pixel sensor 
on the selected row of active pixel sensors, and the chain of circuitry 
connected to each active pixel sensor of the row of active pixel sensors 
is determined as a function of a difference between the sampled and 
held voltage level of the plurality of voltage levels and the sampled and 
held first voltage level. 

16. (Cancelled) The photo-imaging integrated circuit of claim 12 wherein the 
timing and control means enables evaluating performance of at least one 
active pixel sensor and the chain of circuitry connected to said active pixel 
sensor by the steps of: 

at a first time, selecting the active pixel sensor; 
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6 at a second time, placing the second voltage level at the reference 

7 distribution node of the active pixel sensor; 

8 simultaneously, at the second time, coupling said second voltage level to 

9 the capacitance of said photo-conversion device; 

10 at a third time, sampling and holding the second voltage level within the 
n signal conditioning and readout circuit; 

12 at a fourth time, placing the first voltage level at the reference distribution 

13 node of said active pixel sensor, 

14 simultaneously, at the fourth time, coupling said first voltage level to the 
is capacitance of the photo-conversion device; 

16 at a fifth time, sampling and holding the first voltage level from said 

n capacitance of said photo-conversion device of said active pixel sensor 

18 to the signal conditioning and readout circuit; and 

19 placing the sampled and held first voltage level and the sampled and held 

20 second voltage level at an output of the signal conditioning and 

21 readout circuit for transfer to external circuitry, whereby the external 

22 circuitry differentially compares the sampled and held first voltage level 

23 and the sampled and held second voltage level such that the 

24 difference of the sampled and held first voltage level and the sampled 
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25 and held second voltage level determines performance of the active 

26 pixel sensor. 

1 1 7. (Cancelled) The photo-imaging integrated circuit of claim 1 2 wherein the 

2 test voltage selection means comprises: 

3 a first voltage distribution line containing a first distribution voltage level; 

4 a second voltage distribution line containing a second distribution voltage 

5 level; 

6 a first switch having a first terminal connected to a first voltage source that 

7 provides the first voltage level, a second terminal connected to the first 

8 voltage distribution line, a third terminal connected to the second 

9 voltage distribution line, and a control terminal connected to the timing 

10 and control means to selectively connect the first terminal to the 
n second and third terminals concurrently; 

12 a second switch having a first terminal connected to a second voltage 

13 source that provides the second voltage level, a second terminal 

14 connected to the first voltage distribution line, a third terminal 
is connected to the second voltage distribution line, and a control 

16 terminal connected to the timing and control means to selectively 

n connect the first terminal to the second and third terminals 

is concurrently; 
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19 a third switch having a first terminal connected to the first voltage source, 

20 a second terminal connected to the second voltag source, a third 

21 terminal connected to the first voltage distribution line, a fourth terminal 

22 connected to the second voltage distribution line, and a control 

23 terminal connected to the timing and control means to selectively 

24 connect the first terminal to the third terminal and concurrently connect 

25 the second terminal to the fourth terminal; 

26 a voltage dividing means connected between the first voltage distribution 

27 line, and connected to the reference distribution node of each active 

28 pixel sensor on a row of active pixel sensors for the array of active 

29 pixel sensors for distributing an incremental voltage level that varies 

30 fractionally from the first distributed voltage level present at the first 

31 voltage distribution line to the second distributed voltage level present 

32 at the second voltage distribution line; and 

33 a current measuring means connected so as to measure current flowing 

34 from said first voltage source. 

1 1 8. (Cancelled) The photo-imaging integrated circuit of claim 1 7 wherein the 

2 timing and control means enables measurement of the capacitance of the 

3 photo-conversion device within a group of active pixel sensors of the array 

4 of active pixel sensors by the steps of: 

5 at a first time, selecting said group of active pixel sensors; 
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6 during a period of time between a second time and a third time, activating 

7 said second switch to connect the first terminal of the second switch to 

8 connect the second terminal and third terminal of said second switch to 

9 apply the second voltage level to the first and second voltage 

10 distribution lines and thus to the reference distribution node of each 
n active pixel sensor of the group of active pixel sensors; 

12 simultaneously, during the period between said second time and said third 

13 time, coupling said second voltage level to the capacitance of the 

14 photo-conversion device of each active pixel sensor of the group of 

is active pixel sensors to charge said capacitance to said second voltage 

16 level; 

n during a period of time between a fourth time and a fifth time, activating 
is said first switch to connect the first terminal of said first switch 

19 concurrently to the second and third terminals of said first switch to 

20 apply the first voltage level to the first and second voltage distribution 

21 lines and thus to the reference distribution node of each active pixel 

22 sensor of the group of active pixel sensors; 

23 simultaneously, during the period between the fourth and fifth time, 

24 coupling said first voltage level to the capacitance of the photo- 

25 conversion device of each active pixel sensor of the group of active 



Page 34 of 58 



Appl. No.: 09/896,486 

Amdt Dated: January 8, 2004 



Attorney Docket: VISA-54 
Reply to Office action of December 22, 2003 



26 pixel sensors to charge said capacitance of said photo-conversion 

27 device to the first voltage level; 

28 measuring a current flowing from said first voltage source to charge the 

29 capacitance of the photo-conversion device of each active pixel sensor 

30 of the group of active pixel sensors, whereby a total capacitance of the 

31 photo-conversion devices of the group of active pixel sensors and a 

32 parasitic capacitance of said test voltage select means is determined 

33 by the formula: 

/dlcT 

35 where 

36 C T is the total capacitance of the photo- 

37 conversion devices and the parasitic 

38 capacitance of said test voltage select means, 

39 Ot is the current flowing from said first voltage 

40 source, 

41 dv is the difference between the first voltage 

42 level and the second voltage level, and 
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43 dttcT is a charging time for the total 

44 capacitance; 

45 during a period of time between a sixth time and a seventh time, activating 

46 said second switch to connect the first terminal of the second switch to 

47 connect the second terminal and third terminal of said second switch to 

48 apply the second voltage level to the first and second voltage 

49 distribution lines and thus to the reference distribution node of each 
so active pixel sensor of the group of active pixel sensors; 

51 during a period of time between an eighth time and a ninth time, activating 

52 said first switch to connect the first terminal of said first switch 

53 concurrently to the second and third terminals of said first switch to 

54 apply the first voltage level to the first and second voltage distribution 

55 lines and thus to the reference distribution node of each active pixel 

56 sensor of the group of active pixel sensors; 

57 measuring a current flowing from said first voltage source to charge the 

58 parasitic capacitance of said test voltage select means is determined 

59 by the formula: 

60 Cp= -rry- 

dV/ 
/dfcp 

61 where 
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62 Cp is the parasitic capacitance of said 

63 test voltage select means, 

64 Op is the currentflowing to the parasitic 

65 capacitance C P during charging 

66 from the second voltage level to 

67 the first voltage level, 

68 dv is a difference between the first voltage 

69 level and the second voltage level, and 

70 dttcp is a charging time for the parasitic 

71 capacitance, 

72 such that an average capacitance of the photo-conversion device of 

73 each of said active pixel sensors of said group of active pixel 

74 sensors is determined by the formula: 

=— Ct-Cp 

75 CFD = 

n 

76 where 



77 
78 

79 



Cfd is the average capacitance of the 
photodiode, 

C T is the total capacitance, 
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so Cp is the parasitic capacitance, and 

81 n is a number of active pixel sensors of the 

82 group of active pixel sensors. 

1 1 9. (Cancelled) The photo-imaging integrated circuit of claim 1 7 wherein the 

2 timing and control means enables testing functionality of a group of at 

3 least one active pixel sensor by the steps of: 

4 at a first time, selecting said group of active pixel sensors; 

5 during a period of time between a second time and a third time, activating 

6 said third switch to apply said first voltage level to said first voltage 

7 distribution line and to apply said second voltage level to said second 

8 voltage distribution line such that one of the incremental voltage levels 

9 is applied to the reference distribution node of each active pixel sensor 

10 of the group of active pixel sensors; 

n simultaneously, during the period between the second and third time, 
12 coupling said incremental voltage level to the capacitance of the photo- 

n conversion device of each active pixel sensor to the row of active pixel 

14 sensors to charge said capacitance of the photo-conversion device to 

is the incremental voltage level; 

16 during a period of time between a fourth time and a fifth time, sampling 
n and holding within the signal conditioning and readout circuit the 
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is incremental voltage level present on the capacitance of the photo- 

19 conversion device of each of the active pixel sensors of the group of 

20 active pixel sensors; 

21 during a period of time between a sixth time and a seventh time, activating 

22 said first switch to apply the first voltage level to the first voltage 

23 distribution line and the second voltage distribution line to place the 

24 first voltage level at the reference distribution node of each active pixel 

25 sensor of the group of active pixel sensors; 

26 simultaneously, during the period of time between the sixth time and the 

27 seventh time, coupling said first voltage level from the reference 

28 distribution node to the capacitance of the photo-conversion device of 

29 each active pixel sensor of the group of active pixel sensors to charge 

30 said capacitance of the photo-conversion device from said incremental 

31 voltage level to said first voltage level; 

32 during a period of time between an eighth time and a ninth time, sampling 

33 and holding within the signal conditioning and readout circuit said first 

34 voltage level present on said capacitance of said photo-conversion 

35 device of each active pixel sensor of the group of active pixel sensors; 

36 placing the sampled and held incremental voltage level present of the 

37 capacitance of the photo-conversion device of each of the active pixel 

38 sensors of the group of active pix I sensors and th sampled and held 
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39 first voltage level of each of the active pixel sensors of the group of 

40 activ pixel sensors at an output port of the signal conditioning and 

41 readout circuit for transfer to external circuitry, whereby the external 

42 circuitry differentially compares said sampled and held increment 

43 voltage level and said first voltage level, thus determining the 

44 functionality of each active pixel sensor of the group of active pixel 

45 sensors, and the chain of circuitry connected to each active pixel 

46 sensor of the group of active pixel sensors is determined as a function 

47 of a difference between the sampled and held incremental voltage 

48 level and the sampled and held first voltage level. 

1 20. (Cancelled) The photo-imaging integrated circuit of claim 1 7 wherein the 

2 timing and control means enables evaluating performance of a group of at 

3 least one active pixel sensor of the array of active pixel sensors by the 

4 steps of: 

5 at a first time, selecting said group of active pixel sensors; 

6 during a period of time between a second time and a third time, activating 

7 said second switch to apply said second voltage level to said voltage 

8 distribution line such that said second voltage level is applied to the 

9 reference distribution node of each active pixel sensor of the group of 

10 active pixel sensors; 
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11 simultaneously, during the period of time between the second and third 

12 time, coupling said second voltage level to the capacitance of the 

13 photo-conversion device of each active pixel sensor to the row of 

14 active pixel sensors to charge said capacitance of the photo- 
is conversion device to the second voltage level; 

16 during a period of time between a fourth time and a fifth time, sampling 
n and holding within the signal conditioning and readout circuit the 

is second voltage level present on the capacitance of the photo- 

19 conversion device of each of the active pixel sensors of the group of 

20 active pixel sensors; 

21 during a period of time between a sixth time and a seventh time, activating 

22 said first switch to apply the first voltage level to the first voltage 

23 distribution line and the second voltage distribution line to place the 

24 first voltage level at the reference distribution node of each active pixel 

25 sensor of the group of active pixel sensors; 

26 simultaneously, during the period of time between the sixth time and the 

27 seventh time, coupling said first voltage level from the reference 

28 distribution node to the capacitance of the photo-conversion device of 

29 each active pixel sensor of the group of active pixel sensors to charge 

30 said capacitance of the photo-conversion device from said incremental 

31 voltage level to said first voltage level; 
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32 during a period of time between an eighth time and a ninth time, sampling 

33 and holding within the signal conditioning and readout circuit said first 

34 voltage level present on said capacitance of each active pixel sensor of 

35 the group of active pixel sensors; 

36 placing the sampled and held second voltage level present on the 

37 capacitance of the photo-conversion device of each of the active pixel 

38 sensors of the group of active pixel sensors and the sampled and held 

39 first voltage level of each of the active pixel sensors of the group of 

40 active pixel sensors at an output port of the signal conditioning and 

41 readout circuit for transfer to external circuitry, whereby the external 

42 circuitry differentially compares said sampled and held second voltage 

43 level and said first voltage level, thus determining performance of each 

44 active pixel sensor of the group of active pixel sensors and of the chain 

45 of circuitry connected to each active pixel sensor of the group of active 

46 pixel sensors is determined as a function of a difference between the 

47 sampled and held incremental voltage level and the sampled and held 

48 first voltage level. 

1 21 . (Cancelled) The photo-imaging integrated circuit of claim 20 wherein 

2 evaluating performance of each active pixel sensor of the group of active 

3 pixel sensors includes evaluating range and linearity of each active pixel 

4 sensor and the chain of circuitry connected to active pixel sensor. 
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1 22. (Cancelled) The photo-imaging integrated circuit of claim 20 wherein the 

2 group of active pixel sensors is a row of active pixel sensors placed in an 

3 area of dark pixels of the array of active pixel sensors. 

1 23. (Original) A method for verifying operation of a group of at least one active 

2 pixel sensor within an array of active pixel sensors and of a chain of 

3 circuitry connected to each active pixel sensor for capturing an output 

4 signal from said active pixel sensor, whereby said chain of circuitry 

5 includes a column bus circuit and a signal conditioning and readout circuit, 

6 and whereby said method comprises the step of: 

7 testing functionality of said group of active pixel sensors and the chain of 

8 circuitry connected to each active pixel sensor of the group of active 

9 pixel sensors by the steps of. 

10 activating said group of active pixel sensors, 

n applying one of a group of voltage levels that vary incrementally 

12 from a first voltage level to charge a capacitance of a photo- 

13 conversion device of each active pixel sensor of the group of 

14 active pixel sensors to a first charging voltage level and 

is sampling and holding said first charging voltage level from the 

16 capacitance of the photo-conversion device of each active pixel 

n sensor of the group of active pixel sensors, 
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is applying the first voltage level to charge the capacitance of the 

19 photo-conversion device of each active pix I sensor of th 

20 group of active pixel sensors to a second charging voltage level, 

21 sampling and holding a second charging voltage level from said 

22 capacitance of the photo-conversion device of each active pixel 

23 sensor of the group of active pixel sensors, 

24 differentially comparing the first charging voltage level with the 

25 second charging voltage level to create a first difference 

26 voltage, whereby said first difference voltage indicates the 

27 functionality of each active pixel sensor of the group of active 

28 pixel sensors and the chain of circuitry connected to said active 

29 pixel sensor. 

1 24. (Cancelled) A method for verifying operation of a group of at least one 

2 active pixel sensor within an array of active pixel sensors and of a chain of 

3 circuitry connected to each active pixel sensor for capturing an output 

4 signal from said active pixel sensor, whereby said chain of circuitry 

5 includes a column bus circuit and a signal conditioning and readout circuit, 

6 and whereby said method comprises the step of: 

7 evaluating performance of said group of active pixel sensors and the chain 

8 of circuitry conn cted to each active pixel sensor of the group of active 

9 pixel sensors by the steps of: 
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activating said group of active pixel sensors , 

applying the second voltage level to charge a capacitance of a 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a third charging voltage level, 

sampling and holding the third charging voltage level from said 
capacitance of the photo-conversion device of each active pixel 
sensor of the group of active pixel sensors, 

applying the first voltage level to charge the capacitance of the 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a fourth charging voltage level, 

sampling and holding the fourth charging voltage level from said 
capacitance of the photo-conversion device of each active pixel 
sensor of the group of active pixel sensors, 

differentially comparing the third charging voltage level with the 
fourth charging voltage level to create a second difference 
voltage, whereby said second difference voltage indicates said 
performance of each active pixel sensor of the group of active 
pixel sensors and the chain of circuitry connected to said active 
pixel sensor. 
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25. (Cancelled) A method for verifying operation of a group of at least one 

active pixel sensor within an array of active pixel sensors and of a chain of 
circuitry connected to each active pixel sensor for capturing an output 
signal from said active pixel sensor, whereby said method comprises the 
step of: 

determining an average capacitance of a photo-conversion device of each 
active pixel sensor of said group of active pixel sensors by the steps of: 

applying a first voltage level to charge to a first voltage charging 
level a total capacitance including said capacitance of said 
photo-conversion device and a parasitic capacitance formed by 
interconnecting circuits between a voltage source and providing 
said first voltage level and said active pixel sensor, 

applying a second voltage level provided by a second voltage 
source to charge from the first charging voltage level to a 
second charging voltage level said total capacitance, 

measuring a current flowing into said total capacitance, 

determining a first charging time for the first charging voltage level 
to charge to the second charging voltage level, 

calculating the total capacitance by the formula: 
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21 where 

22 Ct is the total capacitance of the photo- 

23 conversion devices and the parasitic 

24 capacitance of said test voltage select means, 

25 It is the current flowing from said first voltage 

26 source, 

27 dhf is the difference between the first voltage 

28 level and the second voltage level, and 

29 cBftcT is a charging time for the total 

30 capacitance; 

31 applying the first voltage level to the parasitic capacitance to charge 

32 said parasitic capacitance to a third charging voltage level, 

33 applying the second voltage level to the parasitic capacitance to 

34 charge said parasitic capacitance from the third charging 

35 voltage level to a fourth charging voltage level, 

36 measuring a current flowing into said parasitic capacitance, 
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determining a second charging time for the third charging 
voltag level to charge to th fourth charging voltag 
level, 

calculating the parasitic capacitance by the formula: 



IV/ 



where 



C P is the parasitic capacitance of said 
test voltage select means, 

Bp is the current flowing to the parasitic 
capacitance Cp during charging 
from the second voltage level to 
the first voltage level, 

dv is a difference between the first voltage 
level and the second voltage level, and 

dttcp is a charging time for the parasitic 
capacitance, 

determining the average capacitance of the photo-conversion 
device by the formula: 
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Cfd = 

n 



56 where 

57 Cfd is the average capacitance of the 

58 photodiode, 

59 C T is the total capacitance, 

60 Cp is the parasitic capacitance, and 

61 n is a number of active pixel sensors of the 

62 group of active pixel sensors. 

1 26. (Cancelled) A method for verifying operation of a group of at least one 

2 active pixel sensor within an array of active pixel sensors and of a chain of 

3 circuitry connected to each active pixel sensor for capturing an output 

4 signal from said active pixel sensor, whereby said chain of circuitry 

5 includes a column bus circuit and a signal conditioning and readout circuit, 

6 and whereby said method comprises the steps of: 

7 testing functionality of said group of active pixel sensors and the chain of 

8 circuitry connected to each active pixel sensor of the group of active 

9 pixel sensors by comparing the difference between two voltage levels 

10 applied to charge a capacitance of a photo-conversion device of each 
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11 active pixel sensor to a first charging voltage level and a sampled and 

12 held first charging voltag level, whereby an amplitude of said sampled 

13 and held first charging voltage level determines the functionality of said 

14 active pixel sensors and said chain of circuitry; 

is evaluating performance of said groups of active pixel sensors and the 

16 chain of circuitry connected to each active pixel sensor of the group of 

17 active pixel sensors by comparing the difference between a first 

is voltage level and a second voltage level applied at separate times to 

19 charge the capacitance of the photo-conversion device of each active 

20 pixel sensor to a second charging voltage level and a sampled and 

21 held second charging voltage level, whereby an amplitude of said 

22 sampled and held charging voltage level determines performance of 

23 said group of active pixel sensors; and 

24 determining an average capacitance of each photo-conversion device of 

25 each active pixel sensor of the group of active pixel sensors by 

26 charging the capacitance between the first and the second voltage 

27 levels, measuring a charging current into said capacitance, measuring 

28 a charging time, and calculating said capacitance. 

1 27. (Cancelled) The method of claim 26 wherein testing functionality 

2 comprises the steps of: 

3 activating said group of active pixel sensors; 
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4 applying one of a group of voltage levels that vary incrementally from a 

5 first voltage I v I to charge a capacitance of a photo-conversion device 

6 of each active pixel sensor of the group of active pixel sensors to a first 

7 charging voltage level and sampling and holding said first charging 

8 voltage level from the capacitance of the photo-conversion device of 

9 each active pixel sensor of the group of active pixel sensors; 

10 applying the first voltage level to charge the capacitance of the photo- 

i i conversion device of each active pixel sensor of the group of active 

12 pixel sensors to a second charging voltage level; 

13 sampling and holding a second charging voltage level from said 

14 capacitance of the photo-conversion device of each active pixel sensor 

15 of the group of active pixel sensors; 

16 differentially comparing the first charging voltage level with the second 

n charging voltage level to create a first difference voltage, whereby said 

is first difference voltage indicates the functionality of each active pixel 

19 sensor of the group of active pixel sensors and the chain of circuitry 

20 connected to said active pixel sensor. 

1 28. (Cancelled) The method of claim 26 wherein evaluating performance 

2 comprises the steps of: 

3 activating said group of active pixel sensors , 
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4 applying the second voltage level to charge a capacitance of a 

5 photo-conversion device of each active pixel sensor of the 

6 group of active pixel sensors to a third charging voltage level, 

7 sampling and holding the third charging voltage level from said 

8 capacitance of the photo-conversion device of each active pixel 

9 sensor of the group of active pixel sensors, 

10 applying the first voltage level to charge the capacitance of the 

1 1 photo-conversion device of each active pixel sensor of the 

12 group of active pixel sensors to a fourth charging voltage level, 

13 sampling and holding the fourth charging voltage level from said 

14 capacitance of the photo-conversion device of each active pixel 
is sensor of the group of active pixel sensors, 

16 differentially comparing the third charging voltage level with the 
n fourth charging voltage level to create a second difference 

is voltage, whereby said second difference voltage indicates said 

19 performance of each active pixel sensor of the group of active 

20 pixel sensors and the chain of circuitry connected to said active 

21 pixel sensor. 

1 29. (Cancelled) The method of claim 26 wherein determining average 

2 capacitance comprises the steps of: 
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applying a first voltage level to charge to a first voltage charging 
level a total capacitance including said capacitance of said 
photo-conversion device and a parasitic capacitance formed by 
interconnecting circuits between a voltage source and providing 
said first voltage level and said active pixel sensor, 

applying a second voltage level provided by a second voltage 
source to charge from the first charging voltage level to a 
second charging voltage level said total capacitance, 

measuring a current flowing into said total capacitance, 

determining a first charging time for the first charging voltage level 
to charge to the second charging voltage level, 

calculating the total capacitance by the formula: 



It 




where 



C T is the total capacitance of the photo- 



conversion devices and the parasitic 



capacitance of said test voltage select means, 



Pag 53 off 58 



Appl. No.: 09/896,486 Attorney Docket: VISA-54 

Amdt Dated: January 8, 2004 Reply to Office action of December 22, 2003 



h is the current flowing from said first voltage 
source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

titter is a charging time for the total 
capacitance; 



applying the first voltage level to the parasitic capacitance to charge 
said parasitic capacitance to a third charging voltage level, 

applying the second voltage level to the parasitic capacitance to 
charge said parasitic capacitance from the third charging 
voltage level to a fourth charging voltage level, 

measuring a current flowing into said parasitic capacitance, 

determining a second charging time for the third charging 
voltage level to charge to the fourth charging voltage 
level, 

calculating the parasitic capacitance by the formula: 
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where 



C P is the parasitic capacitance of said 
test voltage select means, 

Dp is the current flowing to the parasitic 
capacitance Cp during charging 
from the second voltage level to 
the first voltage level, 



dv is a difference between the first voltage 
level and the second voltage level, and 

dlttcp is a charging time for the parasitic 
capacitance, 



determining the average capacitance of the photo-conversion 
device by the formula: 



Cfd = 



Ct-Cp 



n 



where 
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54 Cfd is the average capacitance of the 

55 photodiode, 

56 Ct is the total capacitance, 

57 Cp is the parasitic capacitance, and 

58 n is a number of active pixel sensors of the 

59 group of active pixel sensors. 



Please cancel Claims 1-22 and 24-29. 
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